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THE MEGA HARDWARE TRIGGER SYSTEM

J. J. Szymanski, J. F. Amann, J. K. Black*, and M. D. Cooper
Los Alamos Naaonal Laboratory, Los Alamos, NM 87545

S. C. Wright, J. Crocker, and H. Sa~ders
University of Chicago, Enrico Fermi Institute, 5640 S. Ellis Ave., Chicago, IL 60637

ABSTFLWI’
The MEGA experiment is designed COsearch for the rare decay w + e y wi[h a

branching ratio sensitivity of -10-13. AS is typical of rare decay experiments, extensive,
online filtering of the data is required for MEGA. lle MEGA experiment uses a hardware
pattern-recognition system based on Rograrnmable Array Logic (PAL) devices.
Additional events are eliminated in an online ACP system before data are written to tape.
The MEGA trigger system is generally applicable where high-rate, short-propagation-
delay rngger systems are required. This report contains an introduction to the MEGA
experiment, a discussion of the MEGA hardware trigger system and a discussion of the
system’s measured performance.

INTRODUCTION

The MEGA Muon d=ayj into an Electron and a Q@rna ray) expcnment is the

search for the ram muon decay g -+ e y at the Los Alamos Meson Physics Facility. 1, The

experiment is designed with a branching-ratio sensitivity of -10-13, which represents a

factor of 500 improvement over the existing limit.1) The decay p + e y violates

conscmation of Iepton-family number, and the obsemarion of this decay would signal new

physics not explained by the minimal standard mcxlcl. ~) Among the possible muon-

number-violating rare decays, the branching ratio for w + c y decay is relatively large in

models employing more than [hree generations, righr-handed neutrinos, extra Higgs

doublets, composite panicles, or supersymrneuy. Because different decay mm!es are

favored in differen[ models, ~ + e y is c~mplementary co other muon-number-viola[ ing

decays such as p + ccc, y + eyy, @ + eA, KL + Me md K+ + Ppe. 1[ is only

rh{ough studying several different decay modes li!iu the underlying physics can be

Imderstood.

THE MEGA DiH’ECIT3R

The signature for the decay v + e y is purely kinematic and distinct from all promp[

backgrounds; [he positron and pho~on are back-teback in time and have tic fixed energy

52,8 hfeV, which is one-half of the muon rest mass. The experiment is therefore designed

10detect positrons and photons with energy near 50 MeV with good energy, spatial. ~nd

time resolutions.

A side view of the MEGA detector is shown in Fig. 1. The detector is con[alncd

within a superconducting solenoid with clear bore 2.2 m long by 1.9 m in diameter and 15

kG mrngnetic field. A positive muon beam of average intensity 3 x 107/sec is brought lo

rest in a CH2 target that is Iocamd in the center of the derecmr. Each muon produces a

positron via the norrmd muon decay p + evv, and the magnetic field ~onfines lhcsc



positron via the normal muon decay v + ew, and the magnetic field confines these

positrons within a radius of 30 cm from the beam center. This inner region is

instrumented with eight cylindrical mukiwire proportional chambers (MWPC’S) and two

scintillator arrays md sexves as the positron spectrometer. The positron spectrometer

resolution is expected to be 0.6 in angle, 0.6% (FWHM) in energy and 0.5 nsec in time.
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F@re 1. Side view of the MEGA detector.

Photons are detected in one of four independent, cylindrical pair spectrometers that

surround the positron spectrometer. Photons are converted into e+ e- pairs in one of two

O 025-cm thick lead converters !ocatcd on the inner and outer radii of an MWPC. The
rti~ detfines which lcad laya t,hc photon converted in and is an essential part of the

rngger signaL A barrel of 1 x 5 x 180 cm3 scintillators is located just inside of the first

lead layer for timing and trigger information. Outside of the second lead layer am three

layers of drift chambers which provide tracking infonruttion to measure the pair energy.

The photon spectrometer resolution is expected m be 10’ in angle, 3% in energy, and 0.5

nsec in time.



THE HARDWARE TRIGGER SYSTEM

Figure 2 contains a schematic drawing of the MEGA rngger system. A feature of

this system is that to reduce deadtime idl four photon spectrometers are rzad out

independently and all scinallators in the positron spectrometer have two TDC channnels,

which are read out on alternate events. The routing box performs ‘Je duties of ser~ding

trigger signals to the proper FASTBUS modules. The pattern recognition module

translates photon shower widths into a photon energy cut. An online ACP (Fermilab’s

Advanced Computer Project)4) system filters data by correlating positron tracks wi~h

photon spectrometer tracking information. The data m written to tape by a microVax

computer.

Because of deadtirne considerations, the trigger rate for each photon spectrometer

must be limited to -7 kHz. The integrated photon energy spectrum drops rapidly with

energy, so a photon energy cut of -42 MeV will reduce the trigger rate enough to meet the

deadtimc criterion.

The key to making a photon energy cut lies in the fact that the width of the e+ e-

shower produced by a converted photon is proportional IWthe mcm~ntum of the photon

perpendicular to the bmm direction. Thus, photons of energy 52.8 MeV will produce

showers at least 16 cm wide. The MEGA hardware trigger uses pattern recognition

modules to calculate the shower width and make a photorr energy cut.

Grre pattern recognition module (PRM) has been built. This module is designed to

implcrmnt an energy cut irr the first photon spectmneter and is built with a combination of

discrete ECL gates and ECL Programmable Array Logic (PAL) devices. The photon

spectrometer cormins 832 MWPC wires, that am OR’cd by eight into 101 MWPC signals,

each representing a 2-cm wide section of the MWY. Three of these MWPC section



signals arc required in coincidence, two separated by at least nine sections, inclusive, and

a third section signal located somewhere between the t-hst tWO. The logic also requires

two scintillators in time and geometric coincidence with the MWPC section signals. The

present PRM provides outputs corresponding to high and low photon energy thresholds in

the upper Grlower hemispheres of the spectmneter.

The PAL devices provide speed and flexibility. A different rngger pattern can be

implemented with a new set of PALs with different programming. Presently, there are

104 PALs in the PRM. The entire trigger decision is made in 30 nsec, including receivers,

drivers and wiring. There are plans to incrcasc the iritegratcd-circuit package density of

the PRM with surface-mount devices, which will allow a single-board rngger module and

a decrease in the trigger decision time of 5-10 nsec. A CAMAC-controlled tester module

was built that sends random MWPC and scintillator hit patterns to the PRM and tests the

output t~f the module. The tester module was very important for debugging the PRM,

because of the large number ~f PALs and interconnections in the PRM.
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Figure 3. Comparison of Monte Carlo and measured shower-width disrnbutions.

Figure 3 shows the measured shower width dishibution spectrum compared to the

Monte Carlo disrnbution, where the width is measured in units of 2-cm wide MWPC

sections defined above. The significance of this figure is the fact that the Monte Carlo

disrnbution matches the size and shape of the measumd width distribution.

The Mher major component of the hardware rnggcr system is the muting box, which

uses 10KH ECL logic to route trigger signals fmm the pattern recognition modules to the

proper FASTBUS modules. The routing box keeps track of which photon spectrometer



contained a shower, which TDC bank in the positron spectrometer is to be used, which

rnggc~ are selected in the control micovAX and which FASTJWJS modules are busy and

cannot be triggered. The routing box has a propagation delay time of 12 nsec. To

understand the timing of rnggcr signals from the routing box relative to sigr,als from [he

detectors, we usc project-management software which allows us to easily determine the

miacal timing paths and relative delays.

STATLJS AND CONCLUSIONS

The MEGA collaboration plans on taking some ~ + e y data in 1989. In i990, we

plan on having approximately 60% of the detector in place for data taking and in 1‘)9 I we

phln on production data taking with the full detector. The rngger system will be b :1[well

within this schedule.

We have found in the MEGA collaboration a solution to the problem of complex

pattern-recognition decisicms that need to be made in short time pcnods. Our PAL-based

trigger system offers both flexibility and nigh speed. Variations of this scheme arc

applicable to other experiments.

We wish [o acknowledge the effcrts of James Sena and Keith StMt.z of LAXAlarms

in the development of this rnggcr system.
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